Abstract Objective: Occupational noise exposure and noise-induced hearing loss (NIHL) among construction workers has long been recognized as a problem in the United States, yet little is known about the prevalence of NIHL among American construction workers. The purpose of this study was to determine the prevalence and characteristics of hearing loss among operating engineers (OEs) who operate heavy construction machinery. Method: As a part of hearing protection intervention, an audiometric test was conducted for both ears at frequencies 0.5 through 8 kHz in the soundproof booth. Prior to the audiometric test, a paper-pencil prehearing test questionnaire was administered and an otoscopic examination was completed. Prevalence of hearing loss was determined based on hearing threshold levels (HTLs) in the worst ear with a low fence of 25 dB. Result: A total of 623 workers were included in the analysis and they were predominantly middle-aged Caucasian males (mean age = 43 years, Caucasian = 90%, male = 92%). Over 60% of OEs showed hearing loss in the noise-sensitive higher frequencies of 4 and 6 kHz. The rate of hearing loss was particularly higher among workers who reported longer years of working in the construction industry. Workers showed significantly poorer hearing in the left ear, and a typical characteristic of NIHL, a V-notch at 4 or 6 kHz, was not shown in this population. Thirty-eight percent reported ringing/buzzing in the ear and 62% indicated having problems in understanding what people say in loud noise. Average reported use of hearing protection devices (HPDs) was 48% of the time they were required to be used. Significant inverse relationship was found between higher frequency (4-6 kHz) hearing loss and use of HPDs (r=À0.134, p < 0.001). Workers using HPDs more had significantly better hearing than those who did not. Conclusion: The study demonstrated a significant NIHL problem and low use of HPDs in OEs. An effective hearing conservation program, including a periodic audiometric testing and hearing protection intervention, for this study population should be in place.
Introduction
Noise-induced hearing loss (NIHL) is a major occupational health hazard and is the second most reported occupational disease and injury in the USA (National Institute for Occupational Safety and Health [NIOSH] 1996a) . It is an irreversible sensorineural hearing impairment caused by prolonged exposure to noise. NIHL causes communication interference that can substantially affect social integration, self-image, and the quality of life (National Institutes of Health [NIH] 1990) . NIHL ranks among the most significant occupational health problems in many countries (Chen and Tsai 2003; Hessel 2000; Hong et al. 1998a; Kahan and Ross 1994; McBride et al. 2003; NIOSH 1996a) . More than 30 million (one out of ten) American workers are exposed to loud noise that could result in hearing loss (NIOSH 1996a) .
NIHL is one of most prevalent occupational health problems among construction workers. In particular, operating engineers (OEs) who operate heavy construction equipment are more exposed to hazardous noise than workers in other construction trade. Despite the risks of high noise exposure (Legris and Poulin 1998) and high degree of perceived hearing loss reported by OEs (Lusk et al. 1999) , there are no published data on prevalence of NIHL in OEs in the USA. The purpose of this paper is to present the prevalence and characteristics of NIHL in OEs.
Background

Noise exposure in construction workers
Noise is one of the most important occupational health hazards in the construction industry because of heavy machinery and equipment, transport vehicles, and noiseproducing tools operating at 90-130 dBA (Legris and Poulin 1998; McClymount and Simpson 1989 ). An estimated 6-7.6 million (US Bureau of Census 1992; US Department of Labor 1993) American workers are employed in the construction industry. More than half a million American construction workers are exposed to potentially hazardous levels of noise (Hattis 1998; Suter 2002) . As a group, construction workers have the highest rates of work-related injury and illness in the USA (US Bureau of the Census 1995). Among these injuries, NIHL is the most common occupational hazard faced by these workers (The Center to Protect Workers Rights 1998).
Construction workers are constantly exposed to variable amounts of noise from their own equipment and activities, as well as noise from the tools and activities of others working around them (Franks 1990; Hager 1998) . Individual construction worker's noise exposure level depends on how much noise the equipment he/she operates is making, how close the worker is to the equipment, and how long he/she is exposed (Legris and Poulin 1998; Schneider and Susie 1993) . Several studies have identified common noise sources and documented exposure levels on construction sites (Anon 1984; Hattis 1998; Kerr et al. 2002; Legris and Poulin 1998; McClymount and Simpson 1989; Schneider and Susie 1993; Sinclair and Haflidson 1995; Utley and Miller 1985) . Sound level measurements of construction equipment and activities conducted by McClymount and Simpson (1989) revealed a wide range of noise levels, from 85 dBA of a hand saw to 122 dBA of hammers striking a nail head on a stud.
The Center to Protect Workers Rights reported some typical exposure levels associated with construction equipment as measured on a new construction site over a 15-month time period (Schneider and Susie 1993) . According to this report, high noise exposure was common to all trades throughout the construction site. In general, the noise levels bordered on or exceeded the OSHA permissible exposure level of 90 dBA of an 8-h time-weighted average (TWA), such as pneumatic chipping hammer (103-113d BA), jack hammer (102-111 dBA), stud welder (101 dBA), concrete joint cutter (99-102 dBA), bulldozer (93-96 dBA), and earth tamper (90-96 dBA). Individual pieces of equipment varied considerably in sound levels by distance or function. For example, a Grade-all (an earthmoving truck) produced 94 dBA at a distance of 10 ft and 82 dBA at 75 ft; a crane produced 75-80 dB when idling and 90-96 dB while operating (Schneider and Susie 1993) .
More recent data reported by Legris and Poulin (1998) particularly demonstrate that the target population for this study, OEs, is exposed to harmful noise. According to their report, all heavy equipment operators except backhoe operators are exposed to an average of over 85 dBA TWA during their shift. Bulldozer operators are exposed to 96-99 dBA (Legris and Poulin 1998) . Vibrating road roller operators and wheel roaders are exposed to 97 and 94 dBA, respectively. Asphalt road roller and asphalt spreader operators are exposed to 95 and 91 dBA, respectively. Grader operators are exposed to 89 dBA. Operations on loose ground consisting of soil sand generated 88 dBA and crushed rock 90 dBA. Workers who operate backhoes and power shovels are exposed to 84 and 88 dBA, respectively. Although both have cabs that protect the workers from noise, on sunny days the large windows make the cab very hot unless it is air-conditioned. The operators are likely to open the cab door to expel hot air, thereby reducing the soundproofing. Although each worker generally has a favorite type of machine to operate, OEs tend to be masters of a variety of equipment. Workers who operate multiple pieces of equipment on a given shift are exposed to noise levels of 95 dBA or greater. Others also measured noise levels for heavy equipment operators and reported 88-93 dBA for crane operators (Kerr et al. 2002) and 105 dBA for bulldozer operators (Sinclair and Haflidson 1995) .
Using a different approach to measure noise exposure, Lusk et al. (1999) asked construction workers (n = 837) about their perception of exposure to high noise, defined as a noise level causing them to shout to be heard by a co-worker three feet or less away from them. The majority of workers (plumber/pipefitters, 70%; carpenters, 78%; OEs, 85%; and national plumber/ pipefitter trainers, 69%) reported that they were exposed to high noise on their recent job sites. Both noise monitoring data on the various types of noise exposures encountered in construction and the self-reported worker's perception on noise exposure demonstrate that construction workers, particularly OEs, are working in the presence of hazardous noise. Hence, for the purpose of saving time and costs, the present study did not repeat noise measurement for construction equipment and construction sites. Instead, this study focused on determining prevalence and characteristics of hearing loss among OEs who work in the presence of hazardous noise.
Prevalence of NIHL in construction work
Most construction workers lose some or a significantly large amount of their hearing after years at the trade (Schneider et al. 1995) . A 1975 study of hearing in sheet metal workers in the USA revealed a high prevalence of hearing loss among workers ages 40 and older (Kenney and Ayer 1975) . Based on their hearing loss index (25 dB of average loss in both ears at 1, 2, and 3 kHz), 75% of workers in their 40s and 100% between the ages of 50 and 60 years had hearing loss. Using audiometric data from both the Health Examination Survey (1960) (1961) (1962) and the National Health and Nutrition Examination Survey (1971 Survey ( -1975 , Norman and Smith (1998) reported that construction trade workers uniformly exhibited the greatest risk of NIHL across all audiometric measures, with manufacturing and mining workers experiencing the next highest risk. Blue-collar construction workers were more than three times as likely to suffer hearing loss as white-collar workers in certain industries outside of construction. While many health professionals in the construction industry suspect there is a high degree of hearing loss among OEs, currently there are no published reports as to the extent of hearing loss in this population. This serious lack of information provided an indication of the need for this study with the purpose of determining the prevalence and nature of hearing loss in OEs.
More comprehensive studies on NIHL in construction workers have been undertaken in other countries such as Germany (Arndt et al. 1996) , Sweden (Schneider et al. 1995) , and Canada (Roberts 1985 (Roberts , 1989 . All these studies found a significantly high rate of NIHL among construction workers. A German study of older construction workers reported a prevalence ratio of hearing loss of 1.5 (95% confidence level = 1.29-1.82) for construction workers compared to white-collar workers (Arndt et al. 1996) . A Swedish study with over 100,000 construction workers reported that 50% of sheet metal workers ages 35-39 years and 90% of workers ages 55-59 years had hearing loss exceeding 30 dB at 4 kHz in the left ear (Schneider et al. 1995) . A Canadian study of 5,000 construction workers by the Workers' Compensation Board in British Columbia showed that 49% had NIHL (Roberts 1985) . Another Canadian study of construction workers in 1989 who received audiometric tests (n = 32,800) revealed 50% of these workers had significant hearing loss, with 22% classified as severe to profound (Roberts 1989) . Based on this review, this study conservatively hypothesized that at least 40% of OEs would show hearing loss at higher frequencies of 4 and 6 kHz.
Method
Study site and participants
The present study was conducted at the Training Center for the Local 324 of the International Union of OEs in a Midwestern state in the USA. The representatives of the Training Center were very interested in cooperating with the research team to conduct the study because: (1) they were well aware of the fact that OEs were exposed to numerous sources of noise in the construction sites in addition to the noise generated by the equipment they operated; and (2) annual audiometric test and training on use of HPDs were not legally required for construction workers and, thus, the majority of OEs had not been given these essential services for preventing NIHL.
Study participants were OEs in a Midwestern state, who were coming to the Training Center of the International Union of OEs for a 3-year apprentice certification course or the 8-h Hazardous Material (HAZMAT) refresher course. OEs operate heavy equipment such as bulldozers, graders, backhoes, asphalt road rollers, asphalt spreaders, and wheel loaders. The noise level for most of this heavy equipment is above 85 dBA. All OEs who came to the Training Center were invited to participate in the study and participation was voluntary.
Data collection procedure
Data were collected using a paper-pencil pre-hearing test questionnaire and an audiological assessment, including otoscopic examination and self-administered audiometric screening testing (SAAST), from January 2002 to April 2003. Prior to the audiometric test, an otoscopic examination of the aural and ear drum was performed by trained registered nurses to determine the presence of visible abnormalities, such perforated ear drums, signs or symptoms of ear disease, and excessive ear wax in the ear canals, which may affect the audiometric test or indicate the need for medical attention. Computer-based SAAST was part of a multi-media interactive hearing protection intervention implemented to prevent NIHL among OEs.
The SAAST was conducted for both ears at frequencies 0.5, 1, 2, 3, 4, 6, and 8 kHz, using a microprocessor pure-tone audiometer. The audiometer was calibrated according to the American National Standards Institute (ANSI) S3.6-1969 standard (ANSI 1969) . The SAAST was conducted in the double-walled audiometric booth that conformed to the ANSI criteria for ambient noise in audiometric rooms (ANSI 1977) .
A hearing threshold level (HTL) was defined as the lowest single intensity that the participant detected at least 50% of the time, with a minimum of three trials. HTLs were recorded in 5-dB increments. HTLs were obtained between 0 and 95 dB and a HTL of 95 dB was recorded if the participant did not respond to the limits of the test protocol. To minimize contamination of hearing loss by temporary threshold shift, workers were instructed to have a period of at least 14 quiet hours without noise exposure or to wear the HPDs at least on the day of the audiometric test.
Data analysis
For estimates of the prevalence of hearing loss, the following were applied. First, prevalence of hearing loss was estimated without any age adjustment to measure the real hearing status of construction workers, as rec-ommended by the NIOSH Criteria Document (NIOSH 1996b) . Second, HTL of 25 dB was used as the low fence. Third, HTL measurements in the worst ear were used to measure the true extent of hearing loss if there is unequal hearing loss in the two ears. Fourth, rate of asymmetric hearing loss was calculated using the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS)'s definition. According to the AAO-HNS (1997), asymmetric hearing loss is defined as HTL difference of greater than 15 dB at 0.5, 1, or 2 kHz or 30 dB at 3, 4, or 6 kHz between two ears. Fifth, prevalence of hearing loss was determined at each of the test frequencies (0.5-8 kHz) and pure-tone threshold average (PTA) at 0.5, 1, 2, and 3 kHz (PTA[0.5, 1, 2, and 3]) and 4 and 6 kHz (PTA [4, 6] ). The prevalence of hearing loss at PTA(0.5, 1, 2, and 3) was determined using the American Academy of Otolaryngology (AAO)-79 Method, the most popular method for calculating material impairment of hearing to assess the risk of NIHL (AAO, 1979) . The study was interested in prevalence of hearing loss at PTA(0.5, 1, 2, and 3) because understanding speech is the most critical function of human hearing. The study was particularly interested in workers' hearing status at PTA(4, 6) because NIHL affects these higher frequencies earlier and more severely than the lower frequencies.
Lastly, the extent of hearing loss was then assessed using the grading system proposed by the World Health Organization (WHO, 1986) : less than 25 dB (normal), 25-40 dB (slight), 41-60 dB (moderate), 61-80 dB (severe), and above 80 dB (extreme).
Results
Characteristics of the participants
A total of 772 workers completed SAAST, but 149 who reported noise exposure within 14 h before the hearing test were excluded from the analysis. Although we invited all OEs registered for HAZMAT training, participation was voluntary and about 5% of them did not participate in the study. It would be important to compare basic demographics between participants and nonparticipants to see any significant differences but it was not feasible because the registration list for HAZMAT training did not include individual OEs' demographic information other than their names and union identification numbers.
Demographic characteristics and selected variables of the study participants are summarized in Table 1 . The participants were predominantly middle-aged (mean = 43years), and had worked in construction for an extended period of time (mean = 18.1 years, standard deviation = 10.9). The study also asked workers about how many hours they were exposed to high noise, defined as a noise level causing them to shout to be heard by a co-worker three feet or less away from them. Workers reported a mean noise exposure of about 7 h per day on their jobsite. Although they should use HPDs all the time when in high noise, they reported using HPDs less than 50% of the time that was required. Participants were at least high school educated (93%), Caucasian (90%), and male (92%). The majority of them (64%) reported hunting as a recreational activity.
More than 65% of participants perceived their hearing was good. Regarding hearing-related symptoms, about 38% indicated they had ringing or buzzing in their ears, and over 60% reported a problem understanding what people say in noisy environments. As shown in Table 1 , workers operated a variety of heavy equipment. Common types of construction equipment OEs operated included loader (70.0%), backhoe (64.5%), bulldozer (63.7%), excavator (59.2%), and forklift (51.8%). A majority of the participants (77%) reported that they operated more than two types of equipment. Approximately 60% of workers indicated that they operated several (>5) different machines.
Prevalence of hearing loss
Hearing loss at single frequencies
The means and standard deviations of HTLs for both ears and the worst ear at all test frequencies are presented in Table 2 , along with mean difference between the left and right ears. There was a statistically significant difference in the mean HTLs between the left and the right ears at all test frequencies but 0.5 kHz. The left ear showed significantly poorer hearing at frequencies of 2-8 kHz and had slightly better hearing at 1 kHz than the right ear (p < 0.05). As shown in Table 2 , the differences of the mean HTLs between the two ears are clearly bigger in higher frequencies (3-8 kHz), most notably at 3, 4, and 6 kHz, than in lower frequencies (0.5-2 kHz). Mean differences between the left and the right ears for frequencies lower than 2 kHz were smaller than 1.1 dB and up to about 3.3 dB, the largest HTLs differences at 4 kHz. In both ears, 6 kHz had the greatest mean HTL, compared with the other tested frequencies. However, differences among mean HTLs at 4, 6, and 8 kHz are negligibly small. Based on the AAO-HNS (1997) definition of asymmetric hearing, the study found that about 19% of the workers (113/623) had asymmetric hearing. Mean HTLs for both ears were within the range of normal hearing for test frequencies of 0.5-3 kHz, whereas average HTLs at higher frequencies of 4-8 kHz were between 27 and 30 dB. For the worst ear, mean HTLs at higher frequencies (above 3 kHz) showed above 25 dB.
Prevalence of hearing loss at single frequencies estimated based on the HTLs at the worst ear is also presented in Table 2 . Prevalence of hearing loss dramatically increases at the higher frequencies (from Table 2 , more than 45% of OEs showed hearing loss at 3 kHz. A vast majority (60% and above) of them showed hearing loss at 4-8 kHz.
Mean HTLs for the both ears and the worst ear are also depicted in Fig. 1 . As seen in Fig. 1 , mean HTLs steadily increase as frequency increases in both ears and the worst ear, dramatically increased at 3 kHz and flattened at 4, 6, and 8 kHz. The mean HTLs in the higher frequency range from 4 to 8 kHz increased up to 27-35 dB.
Hearing loss at PTA(0.5, 1, 2, and 3) and PTA(4, 6)
The means of HTLs at PTA(0.5, 1, 2, and 3) and PTA(4, 6) were 17.4 dB and 33.9 dB, respectively. As expected, a greater prevalence of hearing loss was shown at PTA(4, 6), most noise sensitive frequencies, than PTA(0.5, 1, 2, and 3). About 60% (359/623) of the workers had abnormal hearing at the PTA(4, 6) whereas 38.5% (233/623) workers showed hearing loss at PTA(0.5, 1, 2, and 3).
Distribution of extent of hearing loss at two indicators is presented in Table 3 . As expected, severity of hearing loss increased at PTA(4, 6). About 37% showed moderate hearing loss (HTL > 40 dB) at PTA(4, 6), which was significantly higher than that at lower frequency hearing loss at PTA(0.5, 1, 2, and 3). The study also revealed that almost all OEs (99.6%) with lower frequency hearing loss at PTA(0.5, 1, 2, and 3) had higher frequency hearing loss at PTA(4, 6), whereas only 34% of OEs with higher frequency hearing loss at PTA(4, 6) demonstrated hearing loss at PTA(0.5, 1, 2, and 3).
Hearing loss by working years in construction industry
In order to see the trends of hearing loss by years worked in construction, the HTLs at the single test frequency and three indicators were categorized into the following six construction year groups: less than 5 (n = 92), 5-9 (n = 61), 10-19 (n = 169), 20-29 (n = 140), 30-39 (n = 116), and 40 years and over (n = 13). The mean HTLs for these construction year groups are presented in Fig. 2 . The breakdown by years worked in construction clearly demonstrates, as it may be expected, progressive hearing loss with years in construction. As shown in Fig. 2 , workers' hearing sensitivity begins to decline in the higher frequencies of 3-8k Hz even in the shorter construction year group (>5 years). This decline continues as the construction year increases, as is demonstrated by higher HTLs among the workers with longer years in construction. A noise notch, a typical characteristic of NIHL, was not apparent for all construction year groupings. The pattern of hearing loss showed among workers who had worked in construction for longer than 20 years (mean age >45 years) is very characteristic of sloping configuration from both noise and aging. The extent of hearing loss at two indicators is presented by years worked in construction in Table 4 , along with mean ages of workers. The prevalence of hearing loss among workers with longer work history in construction industry is much higher than that in workers with shorter years in construction. As shown in Table 4 , a vast majority of workers who had worked in construction for a longer period (over 20 years) showed hearing loss at noise sensitive frequencies (4-6 kHz): 75% of workers with 20-29 years; 89% of workers with 30-39 years; and 100% of workers with over 40 years in construction.
Use of HPDs and hearing loss
Use of HPDs was measured by two questions regarding the self-reported percentage of time (0-100%) HPDs were used at the most recent jobsite and in the past 12 months at work. Because of strong correlations between these measures (r = 0.91, p < 0.01), the averaged score of the two items was used to reflect workers' use of HPDs. On average, they used HPDs 48% of the time when they should have in high noise, which was far less than the 100% use needed to prevent NIHL (Dear 1998) .
The study further investigated if workers' use of HPDs has an effect on their hearing loss at noise-sensitive higher frequencies (4-6 kHz). Bivariate correlation of HPD use with HTLs at PTA(4, 6) showed significant inverse association (r=À0.134, p < 0.001). Workers who used HPDs more frequently had significantly better hearing than those who did less frequently. The relationship between HPD use and hearing ability was further examined by comparing prevalence of hearing loss at PTA(4, 6) between the two (MORE, LESS) user groups. MORE user groups (n = 138) included workers who used HPDs almost all the time ( ‡80%) and LESS user groups (n = 450) were those who used HPDs less than 80% of the time they were required. Two users group did not show significant differences in their demographic characteristics such as age (42.2 vs 42.8 years) and years of working in construction (17.4 vs 18.1 years). Significant difference in prevalence of higher frequency hearing loss was identified between the MORE and LESS user groups (p < 0.001). Prevalence of hearing loss among the MORE user group was significantly lower than the LESS user group (47 vs 64%, p < 0.01).
Discussion
Findings of this study clearly demonstrated that OEs faced significant risk of hearing loss. The prevalence of hearing loss showed in OEs was far greater than anticipated. Based on the review of the earlier studies with construction workers, the present study conservatively hypothesized that about 40% of OEs would have hearing loss at higher frequencies (4 and 6 kHz). Surprisingly, the results of the present study uncovered that over 60% of OEs showed hearing loss at PTA(4, 6). It should be mentioned that actual prevalence could be slightly higher or lower than the reported 60% because the study did not have information on hearing status for Table 4 Prevalence of hearing loss at PTA(0.5, 1, 2, and 3) and PTA(4, 6) by years in construction those who were invited but did not participate in the study. This may be a shortcoming of the study. OEs, perhaps more than most other workers in construction trades, require long hours in close proximity to the noisy heavy equipment. Progressive damage to their hearing was noticed at higher frequencies above 3 kHz, and this risk for hearing loss was especially heightened among OEs with longer years of working in construction industry, presumably because longer years in construction means more years of noise exposure. Prevalence rates for both lower and higher frequencies accelerated as their tenure in construction increased. For example, compared to OEs with a short tenure in construction (<5 years), OEs who worked in construction industry for over 40 years demonstrated strikingly higher prevalence of hearing loss for both lower (8 vs 46%) and for higher frequencies (30 vs 100%).
Assessing lower and higher frequencies separately takes into account the fact that NIHL preferentially affects the higher frequencies, with hearing loss beginning characteristically around 4 or 6 kHz before the deterioration of hearing loss at lower frequencies as the higher frequency loss progresses. This study confirmed the prevalence of hearing loss at 4 and 6 kHz, attributable to noise exposure, was far exceeded than hearing loss at lower frequencies critical to the ability to understand speech. These findings are consistent with earlier reports (Dobies 1995; Hong et al. 1998a; May 2000; NIH 1990; Orgler et al. 1987) . The study also showed that almost all (99.6%) workers with hearing loss at PTA(0.5, 1, 2, and 3) showed hearing loss at PTA(4, 6) as well, whereas only 34% of workers with hearing loss at PTA(4, 6) had hearing loss at PTA(0.5, 1, 2, and 3). Therefore, hearing loss at the higher frequency may be used as an indication of susceptibility to effects of noise and the likelihood of progression of loss to lower frequencies.
A large proportion (62%) of OEs in this study reported difficulty in understanding people's conversation in noisy environment. Any level of NIHL may muffle high-frequency sounds such as whistles or buzzers and may result in difficulty discriminating speech consonant sounds such as those in the words fish and fist, particularly in noisy environments with background noise, many voices, or room reverberation (Smoorenburg 1992) .
The left ear had acquired significantly more loss than the right ear in the study population, which corroborates previously reported study findings (Broste et al. 1989; Marvel et al. 1991; Pirila et al. 1992; Simpson et al. 1993) . NIHL, for reasons that are still not yet clearly identified, usually become manifest first and rapid in the left ear (Gasaway 1994; Rudin et al. 1988; Touma 1992) . Although no definitive causes were examined for poorer hearing in the left ear among the study participants, some plausible explanations were considered. First, poorer hearing in the left may reflect OEs' unique directional noise exposure from operating heavy construction equipment. Most OEs may look over their right shoulder when they operate heavy equipment, and thus their left ear was more exposed to the noise generated by the machine's engine. Also, some workers may have the window open during their work when they operated equipment with no air conditioning during summer season. This phenomenon was also reported by the study with farmers who presumably operate tractors (Broste et al. 1989; Marvel et al. 1991) . Another possible explanation for the poorer hearing in the left ear is that a large proportion of OEs (64%) had shot firearms for hunting. Since most individuals are right-handed, the muzzle blast from a rifle or shotgun reaches the left ear at a higher level than the somewhat protected right ear. Using firearms, chain saws, and other portable power tools also tends to expose the left ear more directly to the source of noise (Marvel et al. 1991) .
Occupational health professionals agree on the importance of workers' use of HPDs in preventing NIHL. The present study showed protective effect of using HPDs; workers who reported frequent use of HPDs had significantly better hearing. Although the study could not determine a definitive causal relationship between the use of HPDs and hearing loss because of its cross-section nature, this finding corroborates previous studies. For example, Savell and Toothman (1987) found no loss in hearing ability in 265 employees who consistently used HPDs, even though they worked in areas with high noise exposures (86-103 dBA). In the study with Korean airport workers exposed to high noise ( ‡85 dBA, 8-h TWA), Hong et al. (1998b) found that workers who used HPDs consistently had significantly less hearing loss than those who did not. A more recent study in Canada reported that construction workers who always wore HPDs showed better hearing, compared to those who did not (Hessel 2000) .
This study is considered as one of the first ones assessed prevalence and characteristic pattern of NIHL and demonstrated a protective effect of HPD use on hearing among OEs in the USA, which are considered valuable information. However, the progression of this loss and its relationship with use of HPDs should be studied systematically using serial audiograms in a carefully designed longitudinal study.
NIHL has an insidious onset and may be well advanced by the time that it gives rise to appreciable disability. The first sign of NIHL is a V-shape dip or notch in the audiogram with the maximal HTL at 4 or 6 kHz. Interestingly, a V-shaped notch at 4 or 6 kHz, a typical audiometric characteristic of NIHL, was not present in this population. This is a common pattern of audiogram for workers who have been exposed to loud noise for many years without proper protection (Suter 2002) . Lower frequencies (0.5-2 kHz) take longer to get affected by noise than the higher frequencies (3-6 kHz). Workers can barely notice early stages of NIHL because they do not notice any interference in their daily conversation. The noise notch flattens with increasing noise exposure, and may eventually become indistinguishable from the changes of aging (presbycusis), where the hearing shows a gradual deterioration at the higher frequencies. Early detection of such loss through periodic audiometric tests may assist in prevention of further loss, and recognition of existing loss is important for educational and medicolegal purposes. The OSHA recognized that an annual audiometric test is essential for an effective hearing conservation program (USDL OSHA 1983). Unfortunately, an audiometric test, a key element of a hearing conservation program, was not being provided to the majority of construction workers in the USA. According to the 1997 Michigan annual report on NIHL, for example, less than 4% of newlyreported NIHL cases in construction workers had regular audiometric test performed at their jobs (Reilly et al. 1998) .
NIHL is permanent and cannot be cured because hair cells, once damaged, do not regenerate. NIHL has resulted in significant monetary costs and human suffering. Loss of hearing negatively affects an individual's quality of life, social interaction, and personal safety in the workplace. Fortunately, it is one of the most preventable occupational health problems (NIH 1990; NIOSH 1988) . Hence, more comprehensive hearing conservation program including a periodic audiometric testing and training on use of HPDs should be implemented in the construction industry. The OSHA rules (29 CFR 1910.95) in the USA require periodic noise exposure monitoring, engineering and administrative controls, personal hearing protection, annual audiometric test, and worker training. Currently, this requirement does not apply to construction workers. The construction industry has been covered by its own noise standard, 29 CFR 1926.52 (USDL OSHA 1971), which simply requires that all workers exposed to noise at or above an 8-h TWA of 90 dBA must be provided with protection against hazardous noise. It should be noted that all permissible noise exposure limits mentioned in this paper are only relevant to the USA. As different countries have their own national noise standards and recommendations, interpretation of reported findings should be done accordingly.
Hearing conservation programs in construction have been in place in other countries such as Sweden and Canada since 1969 and mid-80s, respectively (Schneider et al. 1995) . The evaluation results of Swedish program for each decade demonstrated that the prevalence of hearing loss had declined across age groups (Schneider et al. 1995) . Ideally, replacing and modifying construction equipment to decrease noise level should be the priority. But it is reasonable to recognize that eliminating the source of noise by replacing old machines with new quiet ones is costly and not always possible. Furthermore, the nature of the construction work such that the workers are exposed to noise generated by their own tools or equipment as well as other noise generally prevalent in the constructions sites makes it difficult to control noise exposure.
Considering that construction workers are constantly changing the workplace, having several employers at multiple jobsites and prevalently self-employed, it might not be practical for contractors to provide regular audiometric test for workers who may only work for them a few days or a few weeks. An innovative approach with cooperation among contractors, trade unions, and government bodies is necessary to provide construction workers with annual audiometric test and hearing protection training. This study demonstrated a successful collaboration between OE trade union and a research university in implementing self-administered audiometric screening as a part of hearing protection intervention. It is hoped this work will serve as a prototype for effective collaboration among researchers, labor unions, contractors, and workers to promote workers' health and safety.
